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|were a decade ago. However, "the|paollution problém-did not.
otV end when it disappeared. Even as progress has been made in"
*. combatting the most visible-and easily cpntrolled forms Q@pﬁ]luﬁgh;v
other pollutants-have been largely ignored. SRR O
“Not.surprisingly, the_;?rincipa\l,_pal ution-dontrol ‘efforts have gorie
intg solving those problems ghat‘ag' eared most solvable. Public pol- -~ -
__~icy _and _pui!ié;pgpgnditureﬁ have beeri. almed' at correcting problems .~ .
" that have “fechnical “solutions, .Devic:% havé been attached to auto:
* ‘mobile exhaust pipes, to industrial chimn 'ys, to sewage pipes—all -
in an effort to remove certain pollutants from the ‘effluent. The pol-
" lutants thus removed have not alway
‘they have been the most“‘removable,”! For example; the large particles .
~in industrial smoke are now rolitinely removed, but small particulates -
~which.are more: hazardous but tire difficult to control—are still .
. emitted in large quantities. The “tonnage’’ ‘of pollution has thus de-
. creased .dramaticgl E ’
oL remains, 1 . - _ S b

simply. no waytciccntm*a particular pollutant
of some himan.activi-

1

t by diminishing. the volume or infensity

s||)fuel withdat producing a net increase in atmospheric carbon -

-~ dioxide.(CD;). 1 CQ; is to be controlled, fossil fuél combustion must--
be feduced. Therhscharge "of chlorofluorocarbon propellants from
.sprgy cans can be &ntrolled only by binning the use of such sub-

 stafices, as the United States has now don¢.” - )

“ At\the heart of the issue is the fi_ihdameni\al*physicafs’mle'that ﬁi:r‘thirzF
is .ever consumed.. Mercury can be mined, transported, " processed;
. _ b - O

I am indebted to my Eﬂ!kéguér Christopher Flavin for his help with the research for this . -
paper; Lo T \ : o

 elching .Vgrr;qugggi:l-a‘s are much: ha der. tqf!tﬁd;”ﬂﬂw,;tﬁmur tﬁey%'?

‘been 'the most.dangerous, but - -
ly, ;a5 has its .visibility. But much of the danger " | "

here.is no fechnical fix. For example, it is. not. possible to burn - -



.-and perhaps in a different condition, ,
__thus sometimes defimed as “resources out ofplace”- Most of what. -
- _passes _for_pollution control does not recover. resources in a-useful. . -
“torm; ‘it merely displaces them further, Alr ‘pollutants are often con- """

descendants.? . ¢ oolo

* used, and -discarded, but as much mercury exists at the -end of the .-
. process as at the beginning. The metal is simply in a different

. nt place, -
than it was: before, Fnllutl:cm LT

verted into water- pollutants or into solid wastes. Long-lived .radio- '«
active ‘wastes are isolated from this generation but:left:to- haunt our - -

. Such displacement is generally better than doian nothing,.but the net.*
“resulting benefits ure sometimes small after-al

costs are g¢onsidered,

- For- éxample,. scrubbing -sulfui dioxide from the effluentof a 1,000-. .

- megawatt coal-fired ‘power plant might require a caplital investment

of $100 million, consume more than 3 percent of the electricity gen- .

. erated by the plant, and prdduce 40,000 cubic feet of sludge per-day.
Up to 90 percent of the sulfur dioxide in the stack gases may:be

removed; ‘but the resulting sludge could eventually become™a serious

- source of water and ground pollution. Microbial action on the sludge

might even convert the sulfur into hydrogen sulfide, thus making it”: -
a%ain a source of air pollution.- A mountain of sludge from power- =~
plant scrubbers may ‘hold marked advantages over an airshed loaded

- with sulfur dioxide’ and’ sulfates.. Yet a mountain of sludge hardly: -

. constitutes .a_solution, It -merely. means_that an acute hazard has been. .

- traded for a persistent ill.?

Such*"technical fix”’ strategies make cconomic sense in most cases. T
‘Uncontrolled pollution can entail substantial costs to’ human health, -
physical property, agricultural production; and so forth. These costs

“-are often barne by .Institutions and people who derive no benefit from

‘the polluting, processes.’ Qccasionally, those who pay the price do not
‘even reside in_the same nation as those who do the polluting. When

~-polluters aré forced to pay: for pollution control, the costs borne pre- *

viously by outsiders are'internalized in the production process.. The

! expense of pollution control is then passed on to ‘the -consumer in. .-

" higher prices for ‘products, effectively transferring to the ‘consumer. ah

- the real costs that were previously

> previously experiented by the generalpublic
as ill health and property dTageJ o N S

E
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©Unfortunalely, mdny of the costs and benefits of pollution control
sare di
formation is available on the Impact of poll
“'frec:goods” as forests and fish, although 1t 15 § it 1
*ing éffects can be very serious. Forést growth it parts of Sweden and

‘upon: such natural

fist to quantify. The effects of pollution on human health
and ofg¥operty are just beginning to be assessed. Only scanty in- .
(ot 1

gnown that the stunt-

, California has. been reduced by neérr?_v half; game fish have en‘t_irei{y'a'
ir .

~ disappeared from many lakes in the A q

ondacks.?
_Jf little is-known about the effects of pollution- upon natute’s Elgads,
éven less is known about its impacts on nature's services., These

5

services~including the degradation-of organic waste, the fixation of ™

solar epergy, the maintenance of atmospheric .gas balances, the cy- -

- cling of nutrients—are essential to a healthy biosphere. Scientists have
just-begun to examine the magnitude of these services: For example,

', they know that-every. hectare of freeway byilt through-San Berna:
dino ’gastgre!aﬁd_ in California. not only' will increase - the production .

-of carbon’monoxide from automobiles but also will reduce the patural

lands as_ tertiary waste-water-treatment facilities and as fisheries
concluded  that each” hectare cleansed as - much water as could be

carbon-moroxide removal capacity by 440°kilograms per day. In the'
-southeastern ‘United States, a detailed calculation of the value of wet-.

~handled by $200,000 worth, of moderni pallution-control equipment, <~ -
To the extent. that pollution inhibits' these natural functions, soclety

- sufférs a very real loss.¢ ",

When a pollutant. auses obvious: harm- to humans, the calculation

becomes still ‘more_difficult. For example, when a pollutant causes’

-premituré human deaths, what should the price tag cover—the un:

realizéd earnings of the dead | ebFle?'Dr the costs of hospitalization .

and ‘health "care prior to death? Is a healthy middle‘—-—a%e executive
worth more than an elderly asthmatic on welfare? Should a premium
be: charged ‘for suffering? For such questions, .thereare no ‘good an-

|swers. Yet decisions must be made. Explicitly or implicitly, regulators , .
thave assigned values to the costs .of pollufion, and have mandated U

Erarimis ‘degrees of |
ermine how much control is enough. - o

f’.‘-v [ g 7 . o

“of ‘pollution control. Only in this way can society de- . . °
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Such an approach holds hé',ﬁ;ﬁfni's{fﬁr,pc‘illﬁtatﬁs that are hot men: .
able to technical fixes. More surprisingly, it has been rather unsatis»

- factory, for many pollutanis that can be controlled with current tech-, -

nology. Time and agai®; a controllable contaminant of some sort hagy

- been Zunnd to have an ecological impact that was ot antitipated-For -
. the most part, these occurrences fan’ be ttaced to ‘particular charac- = -

teristics of . the Pnllutinls. that had not been given adequate ag}gﬂq?“ o

‘when the'pollution-abatement polities were decided upon.

Sc:rhe!irﬁe's !hei?is’ no mystery about the harmful effects of a };mllu;‘ )
tant. Exposure to carbon monoxide from an automobile exhaust piFe;
. lts

.can cause lv'ain damage and then death within a few minutes

toxie quali

ties are - thus rather obvious, “and safety standards -are -
comparatively easy to establish. However, this is not always, the case S

“with _other pollutants. Beryllium poisoning, for example, has been
known to occur decades after the victims were exposed to low con-

.~ centrations of the metal for bricf periods of time.”

This problem posed by lag times is probably most. common with -

regard to cancer. Many carcinogens take their toll only two or more

~decades after the time ‘of expasure. It is difficult-ta. predict what the

eventual impact on humans will be through tests conducted ‘over
briefer periods on other species. Many pollutants are very long-lived,

~ with’ some posing = danget for hundredsof - thousands of 'years; or. -

~-even forever. The ill effects to be felt it the distany futuse ‘are often ©~

severely discounted or éven ignored by analysts who make detijignsi

" ‘with only the short-term otitcome in mind# - L

‘In - assessing_the impact of a parlicdla:'pnllu&am‘, andlysts tend to \

.. But other Fallutanls (i the air aqd-w.:t? m?
catalytic eff de

ask only, “What damage will this particular anit of pollution da?”
ay have p synergistic or g

ett on the one under consideration. And the current dis--

‘charge is just part pf a constant stream that, over the years, may have a.

" ~cumulative effect. The amount of acid fain that strikes the Parthenon® -

this year is unlikely to cause una:'c:ﬁplébl_e damage; in the tourse of
decades, however, the structure could be severely defaced. In any one

. year, the catbon dioxide emitted by fossil fuel consumption will have "
~ a negligible. effect upon the global climate; once emitted, however;.

o ' =‘:1E



o "Mahy pollutants are vety long.lived,
S with vome posing & danger for
i L) E‘I\% ' . ;
i - i ) . o

much of the l‘iQ; will, remain in-the atmasphere for a vety | oy
and after a few decades enough could build up to caupet
ahe:alian; in the temperature 4nd rainf_-ﬂl patterns of the wpr

Pinﬂl!};,g some pollutants that are discharged in dilute concentrations
“inlo the general environmeni are reconcentrated by biological activity,
Animals that graze large areas, .and especially organisms at the lower
end of long ?ﬂad chainy; can contribute. greatly to this’ biological
amplification. "A cow; [or example, may graze over as much as 1,600
square feet each day. Many: trace contamifiants can build up in her
‘mill in a relatively concentrated form. Since milk constitutes a large
“fraction of the diet of [nfantsiand children, such a pollution pathway

. can’ be particularly pericious.. In some. cases, the amount of biologi- -

" cal amplification can be quile extraordinary. Clams, oysters, and other: -

o mqllusﬁjs feed by filtering enormous volumes of water, and, while

doingpthis, they separate some trace contaminants out of. the water,

« Some freshwater mollusks can concentrate manganese by a factor of -

. 300,000 .and chlorinated hydrocarbon insecticides by up to 70,000 .

times. While humans. could drink the water without suffering ill * -

effects, the ppisons concentrated in the flesh of the mollusks can

("

pose real dangers® : .

These, then, are some of; the neglected dimensions of the pollution .
__problem. They help to explain’ why, despite the expenditure of hun. ..~
_dreds of billions of dollars, some dspects of the environment have
" persistently deteriorated. The issues are neglected not becauze peopls

are unaware of them, but becguse they are so terribly difficult to

address. ., @ oy i : .

Yet they, must'not be forgotter. There is a tendency in public policy-
making fo analyze in elaborate detail the problems that can be easily .
salved, and ‘to pretend that the hard pmbl{;ms don’t exist. Everything
thal can be quantified is cranked into the equation; everything else is

" paid.lip service in the pteface. - _ .
Fhere -are several pollutants that are mare worrisome-today than they .-
* wete before the birth of " the environmental movement. They gﬁse
problems that tadnot be easily resolved with filters and sceibbers,

col o ~

L
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yet they pose threats too grave to be ignored. All of them have solu-
tions, but such solutions can entail importanmt changes in out lives

10 anid in the conduct nf our bBusinesseés, ,
.~ Catbon Dioxide . T
1

Fossit-fuel combustion always adds catban dioxide to the atmobphere.
A 1,000 megawat! coal-fired power plant emits carbon dioxide at the
rate of about 270 kilograms per second, or 16 metric tons a minute.
Neo economically plausible way to capture any significant fraction of™
this g3 has yet {mm suggested. 19 : -

- Carbon dioxide now constituies about 330 parmper million (ppm),
ar 0.0) percent” of the atmosphere. In PfEindUﬂﬂi;\ﬁmési the COy
concentration was less than 290 ppm, so the level today is about 14
percent over the preindusirial ‘base By the year 2000, atmospheric
carbon dioxide is expected 10 be 30 percent above the 290 ppm fig-
ute; and by 2020, 'J current trends conlinue, the preindustrial level
will have been doubled.mt . . : '

Such a dramatic increase in global CO; will almost certainly result in
a significant warming of the carth’s simosphere, with many adverse
consequenges Far life as It now exists, In 8 comprehensive 1977
study, Energy and Climafe, the U5 National ‘Academy of Sciences
conduded  that climatic considerations 'might require the, phasing

D out of fossil fuel use within the next 50 yeare 8 S

While uncertainties remain, these are mostly over matters of ecale
"and rate, rather than direction. The global climate Is-influenced by,
solar Flus, clowdiness, TO3, airhorae particles, sea and surface tem-
peratare, arul the reflectivity of the earth's sutface (albedo), among
ather things. Many of these interact in ways that are not-entirely
understood. Yer at least enough i known about global climatic
‘phenomeny 1o assign rapges of probability to vatious cutcames. All
the most widely '.u,_upiﬂf madels ol umatic behavior predict that -
» - continugd growth in atmospheric CQOz will increase the planets
surface lempetature. =~ o .
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It iy sometimes argued that sufficient uncertaimy charactsrizes cut-
rent knowledge of COy that nothing thoukd be done about the prob.
lsm for the time being The" National, Avademy of Sciences report
characierizes "the patential ,rmmﬂﬁugm;ee of such a qvmnSéﬂ_jjr in

of a century of use of Fossil fuels to dissipate. IT the decision is past-
poned until tha impact of “‘man.made climate changes has been felt,
then, fur all b?él‘:ﬁi;‘ putposes, the die will already have been cast. '

This warming phenomengn is generally referred to as the “greén-
house effect ™ 1t is easily understood. Each day, the darth receives an
enormuous amaunt of energy from the aun. T{\,e plawer must radiate
an egual amount of énﬁgY W avoid growing comiinucusly hotler.

s The wavelength of any radiation depends upan the temperature of

the tadiating body  The very hat sun gives off radiation of a short. -

wavelength, while the much cooléy carth radiates enetgy at longer

© wavelengths' Carbon diovide is fransparent to short wavalér\FGhe iyt

absarbs certain long wavelengths, -including those given off by (he
earth, thus trapping the haat The €0 pae ic iteelf warmed up by
the absurbed energy, and teradistes pare of it back ta eanth This
incteases the UVE?HYI temperature. of the eaeth’s ammosphere. It s,
believed that the -earth wouklbe about 10° C cooler if there veere no
COyinthe SQﬁn“p'\ﬁTf 1" ' o :

A doubling of atmospheric CUy. according 1o the Natdupal Academy

and other <tudies could lead 1o an increase in aversze global em-
petature of beyween 1 3% and 2° C At first glanee. thit Woull teeth a
rather dnsigivbwant change” However, this  average chift in global
temperatute woukl not be uniformly distributed over all tegions - In
pular regions, for acampla, the impact woukl ba sevaral vimes gerater

s than the global as®iSie 7 A look at the warld < dimatic histary places
_a: 3" C ehiftn bgtiet perspective Between, the 'y
perikl (20,0007 10 L6000 years ago) amd the
warmer interglacial * perimd: e

k of the last glaeial

2* € and the mean global tﬂﬁfﬁ‘ﬁ%ﬂ re 'warmed 37 C. During the last
rlacial period the sea fevel was mpge than 100 meters Jower than if {«
!h'r.‘ wide continental shell thik f

ive nelted, the
r.m . £

i

era rose. Had

%

vk of the curdeint;
an rmperatuee of the oncean roée

ditrders the easf voast of Nerth
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. gities been built in whal wete then coasial afeas, they would now'be
“ubmerged. If rising ‘Pl{)bal-"fgﬁit!e_ralu.ms in the yeara -abead. catise
12 wideapread melting of polar”ice, the world’s oceans will rise still
", further, affecting curreni} codstal cities 18 : Co

Professor Jo H. Mercer, iti-an ‘articlé. published in the British scientific
journal Natire, contends that major sea:level disglacememg may-be
unavoidable. A single doubling of atmospheric COz could, he be- .-
~Jdieves..result in a rapid deglaciation of West Antarctica. "This, in turn,

2% woukl lead to a five-meter rise a level, ‘covering many’ low-lylng ..
= land areas, including much of Florida, the Netherlands, and the prin-

increase of five meters woukld most likely inyindate the major coastal

cities and would reduce the earth’s IAnd sutfdte at a time when popu- -
lation pressures are calling for more land—ndgless s - -

Before the wirld's oceans ries dramatically. an increase in world tem.
perature would affect global food production. Rainfall patterns could
shift, regional temperatures mukf soar, sand the world's delicately
- balanced “agricultural system would undergo . considerable change.
Some land might have to be abandoned, while other \land—of un.

- cipal rice-growing river deltas nFi’@_sié.j}'_\thugh‘lheichange.;in“{he
~wea level would probably not'be uniform sl over the wotld, an average.

— - - kiown quality—=would have to be reclaimed. Existing ‘itrigation and -~

drainage systems that cost billions of dollare would have to be changed -
16 Feblect néw tainfall patterns In Asia, where over half the wchf:
“people” live, terraced- itrigation systems represent the investment of, -
centutics of human labor. As different rtops might be grown in some
argas, differentinfrastructures would be needed to process amd market -
them v IR - . .
The net global effect is impossible to predict. Some regions would

_ clearly sljf?t adverse effects; others might find their lot improved,
< But the process of change itseli’ would be tortuous and costly in lerms
" of human bife. The existing agticultural system has very little’ slack -
capacity, and it {s closely fitted to the climate that has prevailed for the
Aast ceveral thousand years. Any alteration in tlimate would be dis.

tuptive; large ¢limtic changes could be catastrophic. -
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Historically, #hifts from gl!at:ial to interglacial periods have “occurred
-over ,thousinds of years. T

“A siﬂgk

Y . inarapid deglaciation ,

IR doubling
- ~  of atmospheric CO7 could result

=
5

ST T of West Antarctca,”

Y
: ¢

3

1!

, 5 ¢ . The world is now faced with a doubling: of
atmospheric COj, " with its. possible attendant climatic - shifts, in

" - Although the combustion of the world’s proven oil and gas reserves,

[

would not be likely tq cause unacceptable climate changes,” coal-.
burning. poses, a greater threat. If the entire global coal reserve were
‘to be burned, atmospheric CO2 could increase' eightfold. Burning the

-world’s shale oil supply could result in a still greater increase.

.. In fact, however, it would be wise to avoid even one doubling. The

- atmosphere already-contains more CO3 ‘than-has ever prevailed: since
" the evolution of. Homo sapiens. If it is arbitrarily assumed that
.- cumulative .atmospheric' carbon dioxide from human sources should -

“not add more than 50 percent to the preindustrial level of CO3, then

*made no later thanllgs.ﬂfs_an unlikely prospect.” .

* Toxic Substances

the end of this century, after which fossil fuel combustion must
cline rather sharply. Moreover, because of the rather long lead times

modest growth in the use of fossil fuels could continue only thmufh
oo

~ néeded to convert from one energy source, to another, a decision to

reduce - fossil fuel use swiftly after the year 2000 would have to be

1
¥ ¥

A ) I

“In~the "past, the dangerous by-products of manufacturing have been-

buried on land or at sea, or released at concentratians so dilute that

‘they appeared t6 pose no hazard. That legacy. has in recent years.

-come to haunt us, :

" In the community of Love Canal, New York, for example, 200 Komes

were boarded up in 1978 and the school was closed when an unusual
number of birth defectd and persistent illnesses were discovered in the
area. During the forties, the Hooker Chemical Company had dumped
tens of thousands of tons’of toxic materials, including mirex, lindane,

~and dioxin, at various sites near the town. For three decades, people

built houses, worked, and played in the area, but today a deadly cock-
tail of chemicals is seeping’ toward the surface at 15 dumps in that,

13

- ‘roughly 50 years. And that, theoretically, could be just the beginning.

.
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~ sites around the world.1®

s

- .one New York county alone. Simiﬁ? problems are erupting at other -

In late November 1978, U.S. Environmental Protection Agency (EPA)
Administrater Douglas -Costle -announced that there. are = about

132,000 potentially dangerous chemical dumps throughout the United

States. Of -these, 638 are .thought to possibly pose “significant im-

minent hazard to human health.” Costle-estimated that 80 to. 90 - -

Egrcem ‘of the hazardous wastes currently being generated are not.
being disposed of in ways that will meet forthcoming: health and. safe-

ty standards.1?

‘In a sense, the most Egrsig;ent pollutants are ‘metals. Nuclear pro-

ponents are fond of joking that whereas plutonium will cease to pose
an important problem in 250,000 years or so, lead and-mercury and:
arsenic will be around forever. And, indeed, some metals can’pose -a
formidable permanént hazard. v

Ta fe- sure, metals are widely distributed in the environment; con-
sumed in minute quantities, they are frequently essential to plant
and animal health. Some metals, however, when. concentrated above

" natuaral levels constitute a serious threat if inhaled or ingested. Heavy

metals, such as mercury, lead, cadmium, chromium, anc nickel, have
received cortsiderable attention, bit other metals can also pose risks.

B ) . T = . 3 .
Fifty years ago, arsenic was the only metal known to be a carcinogen.

Today, it has been established that cancer can be caused by beryllium,
cadmium, chromium, cobalt, iron, lead, nickel, selenium, titanium,
and Zinc. As a category of pollutant, the heavy metals are rather
compeehensive in their potential attacks on' the human body. For ex-
ample, certain forms of mercury and lead attack the,centr.i' nervous

‘system; nickel and beryllium, the lungs; cadmium, the kidneys; and
-antimony, the heart.20 ;

Unlike radivactive wastes, toxic metals have no half-life. Like carbon

- dioxide, they are removed only through slow processes that operate

over geologic time. As wastes, they cease being troublesome only
when they are buried so deep in sediment that-they are unlikely. to be
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. EPA estimates that more t )
year escapes into the environment.22

i+
disturbed. The most successful control strategy, of course, would be

"to keep the metals in circulation as useful products rather than dis-
charging them into the general environment. :

Environmental mercury has several anthropogenic sources. It is

released in the combustion of fuels and the high-temperature process-

- ing of 'some minerals; it is a by-product of various manufac;uriﬁg 7

processes; it is distributed widely in biocides; and it can be release

directly from discarded consumer products. - Fuel combustion and

mineral processing contribute an estimated- 350 tons of mercury to
the air-each year in the United States alone, but it is often at con-
' l? less than one part per million in combustion gases.
Technology to.control it is thus difficult to design.2t )

Mercury is used in a wide variety of manufacturing rocesses, from
the production of electrical equipment to dental suppli¢s. Worldwide
mercury production’ is about 9,000 tons per year. In 1976, less than
10 percent of this mercur was)re,\:yilecﬁ in the United States, the

{mn 70 percent of the mercury used each

In Minamata, Japan, which has come ta symbolize the pollution

problem“to many peoplé, a chemical plant started using’ mercuric

oxide as a catalyst- during the forties, dumping large quantities of

mercury waste into the local bay. Marine organisms converted this

mercgrﬁr into methyl mercuric' chloride, which worked its wa¥ into .

the fish in the bay, ‘and then into the local diet. An_unexplained
neurological disorder was found in the area in 1953, and by 1956
this affliction had reached epidemic proportions. In 1959, Dr. ajime
Hoskowa, a chemist with the offending company, determined that
the plant’s mercury was the cause of the disease, but the firm did not
reveal this evidence for a decade. The mercury dumping continued
until 1971..Now niore than 1,000 victims have been certified. and
the total may eventually include another several thousand.?

Mercury is also used in many biocides, and is thus distributed widely -

in the environment. Occasionally, human error can lead to catastrophe.
In 1972, a large quantity of seed, grain that had been intended for

. planting and had been ‘treated with a methyl mercury fungicide was

15
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“distributed to Iraqi villagers. Some fed it to farm animals; and others
“used: it ingbread. The toll was staggering: 459 people died and thou-" .-

-sands suffered a variety of afflictions.2¢ .

Anocther heav§ thetal whose dangers have been remarked upon
‘since the days of thé Roman Empire is lead. It has long been recog-
nized that large quantities of leai especially ifﬁfingeste‘i canlead to
major disorders and even death. More recent evidence shows that-very
low concentrations of .lead, particularly “in' children, ‘can adversely
‘affect enzymes, various organs, and- especially the nervous system. -

Now that lead has been eliminated from' paints'in many countrjes;-the;....; "

greatest problem is .that posed by atmospheric lead. In industrial

countries, the main source is the use of leaded gasoline in automo-

. biles. In the United States, for example; more than 98 percent. of the

atmospheric lead comes from the combustion of leaded gasoline. A .
typical car emits from 2 to 4 pounds per year, and the: country has. .

“*roughly 100 million cars. As, alternative modes of transportation be-

"‘of pollution. The Anacon

* come’ popular, this 'source of lead pollutjon should diminish dra-
omy

matically. In addition, during the transitionak perjod when gasoline
is likely to be mixed with increasing percentages of ethyl alcohol and

marketed as_“gasohol,”” the situation will improve. Ethyl alcohol

-performs much the same octane-boosting function as-tetraethyl lead.?3

Arsenic is widely appreciated as a poison when administered in con-',
‘centrated doses. But it also poses risks when emitted in dilute streams
on. : cFa ‘Company once captured much of the
arsenic in the smoke from' its huge copper smelter in Anaconda,
Montana. But in 1971 the market for this by-product disappeared.
Over the next five years the company poured about 12 tons of arsenic
a day out of the world’s tallest smokestack-a 585-foot spire visible®
20 miles away. In 1975, the surrounding county was found to rank
ninth in lung cancer rates in a nationwide survey by the National
Gancer Institute—a condition that doubtless reflected long exposure

.to the pre-1971 levels. The rate may rise even further when sufficient

time has elapsed for the emissions of the seventies to have an im-

pact. The, cfgmfany has since dramatically cleaned up its emissions;

without a market for the arsenic, however, the captured toxic metal

_is'now being buried.2¢

16
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«, Perhaps the most  serious problem connected with the control of

“the air as tiny particles. Particulates in the submicron range are not.

= =%

heavy-metal emissions stems from the fact that they. commonly enter

affected - by most air. ‘fo!luticm contro}l technologies. Once emitted, .
they are barely affected by gravity, but are eventually removed from

tute a disproportionate percentage of the small particulates emitted

. the atmosphere by rain. It has been found that heavy mietals consti-

* by coal-fired: power plants. In effect, . the most-dangerous trace’ ele:

ments-in thé coal condense preferentially onto particles too small to -

be "effectively controlled by current \,teéhnglggy,and against which
the human respiratory system has the poorest ¢

efenses. Again, itisa

problem that currently has no solution except. in the reduction of

~ certain human activities.»””

.. - . /- . ‘ .

The .problems posed by toxic metals are serious. The benefits derived

-from their use are similarly great. The task “today lies less in design- -
. v YS ; ) gn=

ing hew pollution-control téchnologies than in constructing an_

economy in. which these valuable materials are not thrown awayto

. ‘wreak\havoc. If products were'designed to be teused and recycled

- instead of thrown away, less metal would be used overall, and less of -
. what was used would be released into the environment.’ o

A variety of nonmetallic toxic substances can also pose serious.prob-

lems. Of particular concern are- those having a tendency ‘to become ‘'

concentrated through the food chain. One of the best known in-

- stances of biological amplification occurs with the insecticide DDT.

- When DDT is sprayed on an area, it remains-potent for a-long period.

- - During this time, because it is readily absorbed by living ,organisms

it can work its way up the food chain. When inge’sted by an animal,
. it tends to accumulate. in the fatty tissue instead
- When one fish eats another, most of the meal is digeste

_ ) and then
excreted, but much of the DDT is retained. As small fish are eaten
b?w Iarq_er ones, which in turn are finally eaten by birds, the ratio
of DDT to body weight increases steadily at each stage.2s '

in birds, causesliver damage, and ‘tesults in neurological disorders.
Dramatic reductions in certain bird ]:\!&{Julatiﬂns.duﬂng the fifties and

At hi%h concentrations, the chemical i'mpai,rs reproductive functions

. iy

R T

N

of bgin’g excreted.
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C v cal interdependencies “provided one of the”earliest e
_public to such thinking.?* \

~

~over 'their levels in the Surmunding water. In recent years, str
ti

e S
L ]

]
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sixties were attributéd to DDT, and the fact that it acct mula
fatty tissue of human beings became a cause of increasjn
1962, Rachel €arson provided a critical pxamination of-
effects of DDT in her book Silent Spring. Its examin

e ) s T e f Ty
Polychlorinated. biphenyls (PCBs) are a family of ch
long been known to be-dangerous, and they_are thi

the environment only in very dilute forms. More than 200 types.of

PCBs have been manufactured. Different kinds ha 'g’;differént prop-
erties, and are used in products ranging from: electyical insulafors and
lastics to pesticides and’ hydraulic fluids. It is, nof clear évyhiﬁh',

ECES pose serious dangers to humans ot at what leve]s:these

I , ng ‘ 7 hat lev :afrégers‘
become acute. In 1968, some Japanese rice oil was tontaminated by

PCBs that accidentally leaked from a heating system. People. who ate

the rice oil suffered. skin ailments, liver damage, swollen afms and

~ legs, and other ‘symptoms. About 1,200 cases of PCR poisoning were" "
reported. At about the same ‘time that this PCBicaused_ digrase .ap- . -
peared in Japan, worldwide testing for DDT, unexpectedly disclosed ™
~concentrations of PCBs in many places, particularly: in marine ‘life.". -
. Because PCBs are very stable compounds that accumulate in 'the fatty

tissues of organisms, they are capable of extreme biocamplification.

‘By the time ‘they work their way up frommicroscopi¢: creatures to -

large birds and carnivorods sea mammals, with a ten to 100-fold
magpnification at each step, they can be concentrated tep, million-fold

dards for allowable PCB levels in fish have been' set by several coun-
tries, andjsome areas have banned fishing-in highly contamirated

waters. 3 o _

: . Ly 8, {7 )
It is a cruel irony .that large expenditures on water poHlution control
-were made before PCB contamination ‘was known to constitute a real

hazard: expensive facilities- were built that were upable to remove

ISR N

icals that have -
introduiced into” . -

ct stan-

PCBs from thé sewage discharge. When commercial fishing was

banned in the Hudson River in late 1975 because of PCB fears, more

than $3 billion had already been spent 'on sewage treatment plants
that were not designed to remove these materials, Similar problems

5 (I
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- to be hazarduus.él :

tial for significant increases in its concentration through bio

1

century of nuclear pow

of the toxicity of

5 -

haye';éurr;:undéd' the disqhagge of other chlorinited organic . com-
pounds, -including kepone ‘and mirex, that have recently been found

kill harmful or annoying insects, no one could have predicted that it

would eventually threaten Yhe existence of whole species of birds. It.
“has become clear that a simple evaluation of the toxicity of a dilute:
. pollutant in the air or water is. an.ina

: dequate measure of its environ-
mental impact. Serious attention must also be paid to the pathways the
pollutant will foHow through various chains of life, and of the p -
ogical
amplification. . .| o R

The modern international industrial markét-allows a new material to
—be invented, manufactured, and sold in large quantities around the
world in.a matter of years. In earlier eras, fewer products were. intro-

duced each year, production volume grew rgléti{relrsl@wly, and' the
products werg first iised in limited regions—generally near the point
of manufacture. Hence, the chances were greater that if a new ma-

" terial was harmful, the threat might bedetected before a worldwide
- market-developed. Today’s world is more dang S

angerous,

19

“ The routes. that various contaminants follow thrqugh the living
" enivironment are -not well-understood. When DDT was first used to

then—; :

Nuclear Wastes . )

e

Every light bulb lit by nuclear power bears a cost that does not show
up on the consumer’s utility bill: a dangerous by-product that will,

need to be’guarded, for thousands of years. No country has yet found
a permanent solution to'the problem pgsed by nuclear wastes. Indesd,
much of the mounting international wariness about nuclear energy

derives from a grgwigig public. recognition that,_after a quarter-
er, the waste issue remains-unresolved. )

Spent fuel is the most hazardous type of nuclear waste. As a reactor

--" operates, fissile atoms are split, yielding smaller atoms known - as

B R

RS ; v "A siﬁé!eg}\frailuaiﬁﬂﬁ':z"

i adilute pollutant - - -
- is an inadequate measure of -
~ its environmental impact.”
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» : A
- pfission products. After about three years, enough fission products -
- have accumulated in a conventional vlighta\g;;ef reactor that the fuel -

() must be changed. At this paint, the fuel rodé are removed from the
reactor and stored ‘nearby under water until their most intense radio- -
activity cools somewhat. Then they are either disposed of irftact or .-
they are taken to’a reprocessing plant where’ fissifé isotopes are re- .
moved for recycling.®? ' ’ .

« 47

 The most controversial element in spent fuel-is plutonium. It is”
*, toxic, -carcinogenic, " easily separated fl:am the rest of the fuel by -
chemical means, and capable of being used to fuel reactors 6rto build
.-atom -bombs. ‘A 1,000-megawatt reactor typically produces about
375 kilograms of plutonium per year of operation. The official posi-
" tion of ‘the [Owjted States is tEat this plutonium should be left in the
_ spent reactor fuel and disposed of as radioactive waste, rather than |
reprocessed for use as fuel. Plutonium, however, has a half-life of -
about 25,000 years, while the imost immediately dangerous elements.
" that would mgabij a waste repository lose most of their potency in
‘a matter of centuries. Thus if plutonium is buried with wastes, ‘tgese'
nuclear. dimps could gventuaﬁy become plutonium mines. .On the -
other hand, if the plutonium is fecycled as fuel, the problems. that -
would be posed by “’plutonium mines” some cehturies hencé become”« .
instead an immediate threat as this exceedingly dangerous material js
shipped around the world and bought and sold as a common item of
commerce. 3 - ' '
Before nuclear power comes to play a significant role in the world
. energy picture, a decision must be made. either to face up to the plu-
tonium problem today or to bequeath it to the future. Since the prob--
lem will remain serious through at least ten half-lives, one-quarter of.
» amillion years, the wastes cannot simply be buried and forgotten.

4.
5

Most of the wastes generated thus far by nuclear power plants are in
temporary storage until.a decision is reached about a safe way to
store them permanently. Nonetheless, some experience in the storage’
of high-level wastes has been provided by the U.S, nuclear weapons
program. The story is_not one to-inspire confidence.” Over 70 miilg

a

lion
gallons of this dangerous liquid are stored at the Hanford facility in’

=

ERIC

Aruitoxt provided by Eic:



O

ERIC

Aruitoxt provided by Eic:

. "7 s have leaked from tanks at
Ty ;—!;nfn:d_arpg Sayanmhﬂivgr."

Se VWfash_iﬁgtan andr the Savannah -R,iv'ef facility. m “South Car.'glilna; ‘

There have been 20 major leaks at Hanford since 1958. The largest, in
- the spring of 1973, saw 115,000 gallons of high-level wastes escape
"~ into tilé soil. In all, nearly 500,000 gallons of high-level nuclear wastes

have leaked from tanks at Hanford and S?a"nna River.2 e

. . . . P A L= =

T T T “Nearly 500,000 gallons
S : ... of high-level nuclear wastes

[

In addition to high-level wastes, nuclear power also produces’ a large - -
volume of low-level wastes. While these are neither. as dangerous -~

.nor ds difficult to store.as high-level wastes, they-can posé problems

if not handled with a clear understanding of the lorf-term commit-

ment required. Tens of thousands ‘of large steel drums containing

low-level nuclear wastes from Europe and Americi-were dumped at
sea before this practice was recognized as dangerous. Many of
these containers have no't'_withstaoc%

-decades,. 2 )

the rigors of even a couple of: :

* A-third type of nuclear waste is that of worn-out nuclear facilities,

‘es;:ecia!l% power plants and- réprocessing plants, Subjected to intense. -’

" neutron bombardment, the materials in such units become radioactive
. during the structure’s operating life. When the plant has-outlived
" its usefulness, the’ security of |its ‘radioactive components -must be
-+ guaranteed. While cost_estimates vary, depending upon the level of

protection that is sought. and. the urgency with which it is: desired;

.- the upper end of the range is intimidating. Estimates of the cost of

decommissioning a nuclear fuel reprocessing plant at West Valley,

'tNew York, run over $1 billion. If this charge were to be placed on

= the utility bills of those customers who benefited from the plant

A duﬁﬁg its brief period of successful use—an option not under serious
consi by

‘a political rebellion, 3

This political aspect of the nuclear-wastes issue is becoming ds impor-
tant a consideration as the lechnicﬁlft@blcms of disposal. Large num-
bers of people in many societies don’t trust their governments to

handle such, materials,”and they trust private industry even less. In _

November 1978, the citizens of Austria vated against opening the
already-completed $600 million Zwentendorf nuclear power plant,

~ despite an impassioned campaign on behalf of the plant by the Prime.

eration by anyone in authority—the result would most likely be -

.



Minister. Waste disposal was the most prominent issue in the referen-
- dum. Nuclear waste is similarly a hot political issue in England, Swe-
22 - den, and most. communities located near, a proposed nucleat dumping
T site, : S : ST

In some large measure, the technical debate over the relative: merits -
and disadvantages of salt beds, granite, clay, and other media for. waste
" storage is being displaced by a. general coneern over proximity. Peo-
ple, who live near salt formations don’t want nuclear wastes placed
in salt,-while people who live near suitable granite formations are
- well-informed about-the problems associated with disposal in granite,
and so forth. In the United  States, a growing number of states are
- concerned about the rising inventories of spent fuel being :stored’
* t¢mportarily on reactor sites and are prohibiting new -nuclear con-’
struction until a strategy for permanent waste storage i4 adopted. At

the same time, 2 great many states have expressed grave reservations

about hosting”a. nuclear-wastes repasitory, or even letting spent fuel’

travel across the state en route to a permanent repository elsewhere. .

It may well be that these inner limits imposed by social and political ™.
factors will prove more of a constraint on nuclear development than -
the very real technical uncertainties surrounding waste storage.*? .

Ultimately, there is no technical fix for the problems._presented by’
nuclear wastes. Greater degrees of safety can always be ‘%mvide:_d, at .
sreater costs, but absolute and timeless safety can never be assured.
hile some of the wastes—notably fissionable isotopes of plutonium

- and uranium—can be recycled,” most radicactive wastes can only-be
isolated from human society in some sort of repository.. And the re-

- ¢cycling of 'plutonium and fissile uranium poses more formidable
" danger than does disposal of these substances with the wastes. '

a2 ’ T

If the benefils of nuclear power are to be enjoyed’ today, it should
be with the understanding that some of the hidden costs will be
passed on to our children and grandchildren. And to their children
and grandchifdren. The growing resistance to nuclear power repre-
sents one of the first times that a large part of the population has
developed an undersfanding of an issue of fairness to future genera-
tions. Many people secem willing to forgo some current consumption
in order to avoid placing a burden on their descendants. -

ez
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. Conclusions

L) . E . )

Over the past decade. most of ‘the industrial world and much of the
developing world has grown comfortable with the concept of pollu-
tion' control. It is widely recognized that uncontrolled pollytion
exacts real costs on health and property and that cost-effective in-
vestments in abatement equipment can yield measurable net benefits,
However, ggome important pollutants " cannot be controlled by any
knowri te!mla ies. Checking these will require fundamental changes
in life-styles .mg comrhion business practices, It is far more difficult
to achieve siich changes than it is to mandate filters for smokestacks,
As a consequence, théi;e are few success stories in'rthis realm,

One of the very few examples of an adjustment in the economic
system to avoid the consequences of an unsolvable pollution problem

. involves chlorofliorocarbans,  These  compounds  are chemically

dinert, ‘have low toxicity, and have long been used as the working

. fluid in refrigerators and airvonditioners. In recent years, they have
_been employed widely as a propellant in acrosol cans containing de-

odorants, hair sprays, insecticides,\and other substances: An estimated
three billion acrosol cans using 1.7 million pounds .of chlorofluoro-

%

s generally believed that chlorofluorocarbons fise gradually to the

stratosphere. There, they react chemically with the ozone, thereby

sreducing the concentration: of this protective layer of gas and allowing

more harmful ultraviolet rays ta strike the earth.. For humans, this
translates into a shirp rise in the incidence of skin cancers, The ef-
fects are cumulative, and the longer the chlorofluorocarbon emissions
continue, the greater the totals impact will be, In 1977, the U.S,
Environmental Protection ‘Agency banned the use of these compoupds
for many purposes. However, the “integrity of the ozone layer is an
international problem, and no mechanism other than persuasion ex-
ists to create a similar ban throughout the world.

~The response time, at Least in the United States (which produced and

used most of the world's spray cans), was remarkably quick on this
issue. The reduction of stratosphetic ozone by chloroflorocarbons

23
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_even..one:tenth of this tuel

Y

was not discussed in the scientific literSture until 1974, and by 1977
concrete action had been taken. However, the level of sacrifice
needed was m?(!fst as other avrosol propellants were available, and the
potential Benebits were very great. It remains to be seen how many

other cumulative impacts of our global chemical experimentation are
discovered. and what the response will be when moré impressive levs

els of sacrifice are demanded.

The types of pollution surveyed in this p'.ipex%(:@;,b;ji]dufii toxie

substances. and nuclear waste—pose formudable challenges. But they.

arc less a challenge -to the scientific and engincering skills of techno-
logical problem-=olvers thari. a challenge to our social values and in-
stitutions, our capacity o forswear a course of development that
srovides clear benefits in the short run but unacceptable costs in the
tuture, ' ’ .

The cholce—curhing fossil fuel use or facing inevitable climate
changes =i best made, from a social perspective, with an awareness
that the issue cuts across generations and” national borders. The

generation making the entical decisions on COa will not have to live

L M : ;- N ¥ . 0: N
with the long-term canseqiences of their policies. Enlightened poli-

national efforts, involving wspecially the Unitsd States, the Saviet
U nion, and China, . '
= f A

The United States 15 by tar the Lagest producer of CO2, vet fts net
contribution in the year 2000 is not fikely to excaad 20 percent of
the world total, Evep if the United Stades were 1o unilaterally wean
itaelf from fossil Tuels over the next two decaded, four-tifths of glo-
bal CO2 production would continte. The Soviet Union contdins
Se percentiof the world's kinowin coal, and China halds another - s
{mt(i‘nt Burming this coal would yield eneegy Benefin and failing to
burs it swould Involve significant sacnfices for bath countries."Yey if
were_burned, the global consequentes
would probubly be Large, adverse, and essenpually irreversible

a- 0,
If the world: s to avold tirming into o greenhouse,” large invests
ments muat soon be aade to inctease energy efticiency and 16 de-

24
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cies can be successfully pursued osly through coopetative inter- .-
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. “Even the United States were tpwian. -
o itself from [owsil fuels.aver the next
. two decades, four-fifths of global
o COz production would
3 f U " contipue.”
;i‘;;

i

velop rentwable energy resources 1A particular, it is important that

biclogical energy sources be rapidly brought into a state of equilibri-
um=—so that new crops tike enviigh COy out of the atmosphere each
year to balance the CO3 emitted during the combustion of uther
crops® An aggressive energy conservation and solar program will
requite far greater effort than currently envisaged even in those coun-

tries that are now pursuing such s path’

Just ae it is impossible to burn coal without produceny carbon dioxide,

itis imposuble to run 4 nuclear reactor without producing radiosc tive

“iwastes Currently g m?m international controversy is faging around

-tiotal gy
7 ’gff)pltf are willing 10 pay the

cefeutricity, but if ingested®

the emotionally charged issue of waste disposal. Within the technical
community, the debate concerns such fssues as the best technalogy

for solidifying the waste, the best medium fur bong-term storage, and”

the benefits and rishs of recyehing plutonium. However, much of the

Emeral public s urinterested in the subtletive of the issye. They -
now only that o dapgerous brew i*-..hi‘inf; voticocted that must be
L they have linle faith thar .

contained safely Fur thoucands of CALS, Al
existing socal institutions are r:qu.:flu the tash.”
The general public may be closerito the heart of the tssue than are the
experts  The technological eféments of the .debate are: sasier to ad-
dress, but probably less important, than the socal dimensions The
crucial question involves the likelihood of a high degree oF interna:
ial and political stability for many thousands of vears Unless
"ptice that such stability implies—firoba-
¥ an-unprecedented degrde of international authonitarian control--

ucledr wastes pose a threat that for all practical purposes is without

end’

Thé‘:'bfﬁad:"c;((z?ﬁr ,ﬂf ”(uiml}? )!’iuhslam‘f\ encompasses 3 owhde vy
alw,

tiety of ratenl ost of
used, they pose a danger,

them servetusetul purposes. but it mis
ead in a Jead-icid battery can help store
can cause bran damage The olyjective

—owith tosde subsstances is t apply them to mmn’;itli",i*‘ﬁ:'pu;rnsf-s with.

“outapewing themuntls the general environment 1his can

e achieved
nopart through tepulatory provesses such as thosesmandated by the
Vigt , ]

) o Yo
w2

&

Foxic Substances Control Act “mimetimes vompliange with theee
- ] .
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regulatory: rg},_)%i'irmems wil ™ sufficiently costly for whole new .
' problem to suddenly become practical. The cost .
substances in wastes, for example, could make
to reduce the <ize of these waste streams by separat-

: i more of these aylbﬁifrﬂffii back into productive uses,

i - Lk ’ ' " ' . '
T, Consider the cod vower plasteifid the United States that now
' produce abou i tons of solif waste cach year as produgts,

of airpolliitiol trol  This matbrial is currently disposed ot in pits,
! fly

W mikilandfille for about $2\a ton. About 13 percent jof "al

A% ured duning the burning §f the coal is used directly in civil

o engineering. projecti—mostly road Quilding. Thewe _wastes| co

7 hroad asiortment of heavy metals, sUIEREG and carcifogen
carbons If this material is classified as hazardous wante-by CPA,
as now seems (uite possible, the cost of disposal will soar Y about.
$90 a ton, and ditect use in Toad building will be prohibited. The cost .
of disposal would then nearly equal the cost of the fuel Even if the -
wastes are not deenved bazardous, the cost of disposal igexpected to *7 ©
rise ta about $10 pec-ton just to mecet current dispdpal 5!\1'11'&1.,\1‘:}5}‘ .

Today, because dispasal @iy are not high, Ulghlii‘.‘- tend to-buy ..
“throwaway  serubber systems that produce lots of sludge, I sludge
disposal gets very enpensive, however, utilities ae likely to purchase.
more costly regenerativesserubbers that produce f!cmgntal_- ulfur-
sulfure acid” And o the cost of waste disposal goes o $00 2 80,
will become attractive for the utility to “mine’” the sludge and i
solid-witste residues to aecaver ‘potentially - valuable materdals |
would otherwise be potentially dangerous cgnlaminants, ]f\""{,\pX’L_ R
law entitled the * Compensation of, Pollution-Related Health=Dam-
age” mternalizes the conts of pollution through ‘emission charges
fevied on pollutets Tens of thousyinds” of prople are compenzated
from these Lunde cach year for ppllutiop:iindiived illnesses [E the
concept could be broadened o encompans thie costs of all enyivonmen-
tal *damage and was applicd internationally, the effect cpuld be
deamvatie v,

Many of thewe new pollution issues gain o compelling nhYuﬁg\ncv
only when they are connidered wver the long term. The world will be
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~ slons of the palluticnproblem ™ wil h ave to beackiliss d,

'R i,

- txceprtag It s parl OF ictx mulative lotil thalipans several decides,

The problers s ixmpor tant, byt It 4 dIFE dcult eeopersuade people that il
ls ueggent: Most policy-mike i pre  forceed by <litumstancess into shore-
tightedness. ‘Corprorate mn.agers _ate governesd by annual - profit-ind -

L

loday“ ¢ decislons. Yet wilesws illerallin & § pricd fo-all the damage ‘m,la
mants can cause over thelr Bfelirewes, cug nent” fives ements in pollulior

fontraal are  Dkely 10 e lnadctLu;lc. Somtie disasters  create the

necessary public  awirenss. The  mercany peioning of more . thara
1,000 people In Minancula, Tapan, createsd a wallspreal avavateness of
love, Canal, New York pramisess lo by dnllar atten tion to. the
sue of dumupsof- huzardous materzaser - L

7 It sterms cruel, howevet, to depe rl upon traplies o prompt pro- -
- $ress.” Sometimes other wen b cany be o mpniz=tl lo achiev e the same
“broad educational abjec tivs. Mucks ofthye Ini t i -l tite ntion t Fratdoomed.
" the Arriericans 55T alrer aft w9 geraeratecd by Eulh. Day, 2 nationwide
. environmental day of - <oncean In

ne ‘ 1970, Othezt lssues, nmging £rom
wir to clvil rights” o faen poeley, bave been capul ted (o P romineice

by orgmized evenls. Unlted Natns  onfezitiees cn” someties

focus Enterna tional atenion on glohil isites.” A U= N, cor Eerence on

" ghe carbon dinide problm -milght bigirs 4 pr.wes that would bapst
o, eheprionily given thisissueln many  lnde © o \

But it cin be Jone.

- Long-tetm, irwitib e Fcﬂlulm Ware difficill toe féus atlen tion upon,

EVTDCL‘S‘}L'S are (difficult €opromote . but  mnee-ldess they <an occur.

@Nhen pollutan ef Eccts are ceamula tive, & ine i the werice. Dehy

iy lead to irteversble dimagp So-ner ‘o lite g lhe neglec ted dimen-
F

lintle affected by e €Oz fom pxt jor’ss fossil fuel combusliorn,”

-;.;;,;'_lmsm&lalpmz_ﬁlﬂ; - goliticiing  lve - o limese horsiun that exeends to tha
\ . tvé of the nekt eledion. LR SR ‘

—.-the heavy-maell problen,.T ¥ forenl ev-aiua b oF- 200 farmillies Frona———

.

ifedlyle charages a 0l mapr s hifiy In induserial

’ "Inde::d,rlnu,chdfftl_\é_ economic literifire it onin ates policy analysis -
1o emaphisizes preent vili-¢ and dscaunts  filire cobls ~that it be="
~comes- difficult to piy  sfloxassttesnllon 10 thee ong -term 7 H effects of .
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